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© A system for controlling the operation of a turbo 
type fluid machine (1) driven by a variable speed 
prime mover (3), which enables the characteristics of 
the fluid machine (1) to be improved so as to be- 
come favorable for actual use while allowing the 
prime mover (3) to exhibit its capacity to the full 
even at an operating point other than the rated point. 
The operation control system includes a turbo type 
fluid machine (1) driven by a driving machine (3), 
and a device for detecting an operating head or 
operating pressure of the fluid machine. The opera- 
tion control system further includes a device (5) for 
arithmetically outputting a rotational speed which 
gives a preset characteristic of the fluid machine in 
corresponding relation to the operating head or op- 
erating pressure, and a device (4) for changing the 
rotational speed of the driving machine in response 
to the output rotational speed, so that even when the 
operating head or operating pressure of the fluid 
machine (1) changes, the rotational speed of the 
fluid machine is controlled so as to maintain the 
preset characteristic of the fluid machine (1). 



Fig. 1 
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The present invention relates to a system for 
controlling the operation of a turbo type fluid ma- 
chine. More particularly, the present invention re- 
lates to a turbo type fluid machine operation control 
system which enables a turbo machine, e.g., a 
pump, a blower, etc., to exhibit favorable perfor- 
mance characteristics in conformity to each par- 
ticular purpose of use. 

To control the output of a turbo type fluid 
machine, e.g., a pump, a blower, etc., a technique 
whereby the rotational speed of a driving machine 
for the turbo machine is varied has been widely 
employed. According to a conventional method of 
controlling the output of a turbo machine by the 
rotational speed control, the rotational speed is 
varied so that the head or pressure produced by 
the turbo machine or the capacity (i.e., discharge 
quantity) thereof complies with the demand there- 
for, thereby controlling the characteristics of the 
fluid machine. That is, in automatic control the 
rotational speed is feedback-controlled on the basis 
of the result of a comparison between the value of 
the detected quantity, e.g., the discharge pressure 
capacity, etc., on the demand side and the cor- 
responding set value. 

For example, to change the characteristics of a 
turbo type fluid machine that is driven by an inter- 
nal combustion engine or other driving machine 
such a method has been put to practical use that 
the fuel feed is controlled by a speed governor to 
thereby control the rotational speed of the driving 
mach.ne. To set a rotational speed, a signal is 
manually or automatically given to the speed gov- 
ernor according to the required discharge pressure 
or capacity of the fluid machine. However, no 
method has been known whereby a pump and/or a 
driving machine therefor is allowed to exhibit its 
capacity to the full in accordance with the operating 
conditions, as is demanded for a drainage pump or 
the like, except for constant-speed shaft power 
control that is carried out by employing adjustable 
vanes in corporated in the pump. It should be 
noted that when adjustable vanes are employed a 
complicated mechanism is needed to adjust the 
angle of the vanes. Therefore, the constant-speed 
shaft power control is disadvantageous in general- 
purpose applications. 

For a pump that is driven by an induction 
motor, a method has heretofore been put to prac- 
tical use wherein, in order to change pump char- 
acteristics in accordance with the operating con- 
ditions and load conditions, the frequency of the 
power supply for the motor is changed by the use 
of a static invertor, thereby controlling the rotational 
speed. In this regard, for example, Japanese Patent 
Application Public Disclosure (KOKAI) Nos 57- 
52396 and 59-44997 disclose a method wherein 
the invertor is controlled so that the operating effi- 



ciency of the motor is maximized. Japanese Patent 
Application Public Disclosure (KOKAI) No. 59- 
25099 discloses a control method wherein the mo- 
tor output is maintained at the rated value by an 
s invertor. Japanese Patent Application Post-Exami- 
nation Publication No. 57-113992 discloses a meth- 
od wherein a rotational speed that gives a target 
pressure is arithmetically obtained to control the 
speed of a pump. 
10 However, none of these conventional tech- 

niques intend to positively improve the perfor- 
mance characteristics of a turbo type fluid machine 
so that the characteristics become favorable for 
actual use while allowing the combination unit of 
is the fluid machine and a driving machine therefor to 
exhibit its capacity to the full. 

As is generally known, when high specific 
speed turbo type fluid machines are operated at 
constant speed, the required power decreases as 
20 the operating head or pressure decreases and the 
capacity increases. Particularly, when the capacity 
is above the rated value, the required power mar- 
kedly decreases as the operating head or pressure 
decreases. That is, in this operating region the 
25 allowance for the capability of the driving machine 
increases; therefore, the capacity of the driving 
machine cannot fully be exhibited. Further, in these 
fluid machines, the required power increases when 
the capacity is below the rated value. Therefore in 
so a case where the machine is expected to operate 
in this region, sufficient allowance must be given to 
the rated output of the driving machine in order to 
avoid overloading of the driving machine. 

In the case of low specific speed turbo type 
35 fluid machines, on the other hand, when a con- 
stant-speed operation is performed, the capacity 
decreases as the operating head or pressure in- 
creases, and the required power also decreases. 
That is, in this operating region, the allowance for 
40 the capability of the driving machine increases- 
therefore, the capacity of the driving machine can- 
not fully be exhibited. Further, in these fluid ma- 
chines, the required power increases when the 
capacity is above the rated value. Therefore it is 
45 necessary to give allowance to the rated output of 
the driving machine. Further, in the case of a low 
specific speed fluid machine in which the head 
(pressure)-capacity curve is flat, the capacity varies 
to a considerable extent with a change in the 
so operating head or pressure, so that a problem is 
likely to arise in receiving systems or processes at 
the downstream side. Accordingly, it is necessary 
to limit the capacity by discharge valve throttling 
control or other similar controls, 
ss Further, the pressure-capacity curve assumes 

a convex shape with a maximum value in a small 
capacity region as is observed in a centrifugal 
blower or the like. Therefore, the operational range 
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is limited to the capacity region above the capacity 
value at which the pressure reaches a maximum in 
order to avoid surging. 

In view of the above-described problems of the 
conventional techniques, it is an object of the 
present invention to provide a fluid machine opera- 
tion control system which enables the characteris- 
tics of a conventional turbo type fluid machine to 
be improved so as to become favorable for actual 
use. 

The present invention provides a turbo type 
fluid machine operation control system including a 
turbo type fluid machine driven by a driving ma- 
chine, and a device for detecting an operating head 
or operating pressure of the fluid machine. The 
operation control system further includes a device 
for arithmetically outputting a rotational speed 
which gives a preset characteristic of the fluid 
machine in corresponding relation to the operating 
head or operating pressure, and a device for 
changing the rotational speed of the driving ma- 
chine in response to the output rotational speed, so 
that even when the operating head or operating 
pressure of the fluid machine changes, the rota- 
tional speed of the fluid machine is controlled so as 
to maintain the preset characteristic of the fluid 
machine. 

In response to a change in the operating head 
or operating pressure of the turbo type fluid ma- 
chine, a rotational speed signal that gives a preset 
performance characteristic of the fluid machine is 
input to a speed governor or rotational speed con- 
troller for the driving machine to control the rota- 
tional speed thereof. Accordingly, favorable perfor- 
mance characteristics can be maintained at all 
times irrespective of change in the operating head 
or pressure. 

If the rotational speed is controlled so that a 
constant torque, as the above-described preset 
performance characteristic, is maintained at all 
times irrespective of change in the operating head 
or pressure it is generally possible to realize char- 
acteristics favorable for actual use while utilizing 
the capacity of the prime mover to the full. That is, 
in the case of a high specific speed fluid machine, 
when the operating head or pressure is below the 
rated value, the rotational speed increases, and the 
capacity increases. On the other hand, in a low 
capacity region where the operating head or pres- 
sure is above the rated value, the rotational speed 
decreases, and the required power decreases. 
Therefore, overloading of the driving machine can 
be avoided. In the case of a low specific speed 
fluid machine, when it is operated at a head or 
pressure higher than the rated value, the rotational 
speed increases to reduce the decrease in the 
capacity. When the head or pressure is lower than 
the rated value, the rotational speed decreases to 



prevent excessive increase in the capacity. Thus, it 
is possible to avoid overloading of the driving ma- 
chine. 

In addition, it is possible to realize performance 
5 characteristics favorable for actual use by setting a 
curve with a desired slope which represents the 
relationship between the operating head or pres- 
sure and the capacity of the fluid machine, and 
giving a rotational speed signal corresponding to 
w the operating head or pressure. 

The above and other objects, features and ad- 
vantages of the present invention will become more 
apparent from the following description of the pre- 
ferred embodiments thereof, taken in conjunction 
is with the accompanying drawings, in which like ref- 
erence numerals denote like elements, and of 
which: 

Fig. 1 illustrates the arrangement of a first em- 
bodiment of the operation control system ac- 

20 cording to the present invention; 

Fig. 2 is a graph showing the relationship be- 
tween the capacity Q and head H of a pump; 
Fig. 3 is a graph showing the relationship be- 
tween the capacity Q and shaft power Lp of the 

25 pump; 

Fig. 4 is a graph showing the relationship be- 
tween the operating head H of the pump and the 
rotational speed N that gives a constant torque; 
Fig. 5 is a graph showing the relationship be- 

30 tween the actual pump head Ha and the set 
rotational speed N; 

Fig. 6 is a graph showing the relationship be- 
tween the capacity Q and efficiency e P of the 
pump; 

35 Fig. 7 is a graph showing the relationship be- 
tween the capacity Q and required NPSH of the 
pump; 

Fig. 8 illustrates the arrangement of another 
embodiment of the operation control system ac- 

40 cording to the present invention; 

Fig. 9 illustrates the arrangement of a second 
embodiment of the operation control system ac- 
cording to the present invention; 
Fig. 10 is a graph showing the relationship be- 

45 tween the capacity Q and head H of the pump; 

Fig. 11 is a graph showing the relationship be- 
tween the capacity Q and shaft power Lp of the 
pump; 

Fig. 12 is a graph showing the relationship be- 
50 tween the operating head H of the pump and the 
rotational speed N that gives a preset pump 
characteristic; 

Fig. 13 illustrates the arrangement of a third 
embodiment of the operation control system ac- 
55 cording to the present invention; 

Fig. 14 is a graph showing the relationship be- 
tween the capacity Q and operating pressure P 
of a blower; 
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Fig. 15 is a graph showing the relationship be- 
tween the capacity Q and torque T of the blow- 
er; and 

Fig. 16 is a graph showing the relationship be- 
tween the operating pressure P of the blower 
and the rotational speed N that gives a constant 
torque. 

Embodiments of the present invention will be 
described below with reference to the accompany- 
ing drawings. 

Figs. 1 to 8 show a first embodiment of the 
present invention. 

Fig. 1 illustrates the basic arrangement of a 
first embodiment of the operation control system 
according to the present invention in which the 
invention is applied to a turbo type drainage pump. 
The drainage pump 1 is a turbo type high specific 
speed pump, i.e., an axial flow pump or a mixed 
flow pump, which is used for a relatively large 
capacity and a low pump head. The pump 1 is 
driven by a driving machine 3 via a speed reducer 
2. The driving machine 3 may be an internal com- 
bustion engine, a gas turbine, or a steam turbine. 
The driving machine 3 has a speed governor 4 for 
controlling the speed of rotation of the driving ma- 
chine 3. An actual pump head (Ha), which is a 
difference between the external liquid level 12 at 
the discharge side of the pump 1 and the internal 
liquid level 11 at the suction side of the pump 1, is 
measured by a liquid level gauge (not shown). A 
function generator 5 is an arithmetic device for 
outputting a rotational speed n which gives a con- 
stant torque in corresponding relation to the operat- 
ing head Ha of the pump 1. A rotational speed 
detector 7 is a device for detecting the rotational 
speed of the rotating shaft of the driving machine 3 
and for outputting it in the form of an electrical 
signal. A comparator amplifier 6 makes a compari- 
son between the rotational speed signal detected 
by the rotational speed detector 7 and the rota- 
tional speed signal corresponding to the operating 
head, which is output from the function generator 5, 
and outputs deviation of the former rotational speed 
signal from the latter rotational speed signal to the 
speed governor 4. 

The operation of the first embodiment will be 
explained below. The function generator 5 is fed 
with a signal indicative of the actual pump head Ha 
from the liquid level gauge (not shown) and outputs 
a signal indicative of a rotational speed n that gives 
a constant torque for the pump. The comparator 
amplifier 6 is fed with a signal from the rotational 
speed detector 7 that corresponds to the actual 
rotational speed of the pump 1 to compare it with 
the signal indicative of the rotational speed n, 
which is output from the function generator 5. De- 
viation of the actual rotational speed from the rota- 
tional speed n, which is determined by the com- 



parator amplifier 6, is input to the speed governor 
4. The speed governor 4 controls the fuel feed rate 
according to the deviation, thereby varying the 
speed of the driving machine 3. 
5 Accordingly, when the internal liquid level 11 

rises and consequently the actual pump head Ha 
decreases, the rotational speed signal n from the 
function generator 5 increases in accordance with 
the corresponding actual pump head Ha so that the 
10 torque is maintained at a constant level. The com- 
parator amplifier 6 detects deviation of the actual 
rotational speed from the rotational speed n, and 
the speed governor 4 increases the fuel feed rate 
according to the deviation, thereby increasing the 
15 rotational speed of the driving machine 3 to the 
required value. Conversely, when the difference 
between the internal and external liquid levels 11 
and 12, that is, the actual pump head Ha, in- 
creases, the function generator 5 outputs a signal 
20 for reducing the rotational speed so that the torque 
is maintained at a constant level. The comparator 
amplifier 6 compares the signal which is output 
from the function generator 5 with the signal which 
is output from the rotational speed detector 7, and 
25 the speed governor 4 reduces the output of the 
driving machine 3 according to the result of the 
comparison, thereby lowering the rotational speed 
to the required value. 

The action and effect of the operation control 
30 wherein the torque is maintained at a constant level 
by varying the rotational speed of the driving ma- 
chine will be explained below in detail. 

With regard to the capacity of internal combus- 
tion engines, the torque (T) remains substantially 
35 constant within an actual service range irrespective 
of change in the rotational speed (N). If control is 
effected so that the torque is held constant, the 
output (Lp) changes in proportion to the rotational 
speed (N), which may be expressed by Lp = KTN - 
40 (where K is a constant). Accordingly, if the rota- 
tional speed of the driving machine is controlled so 
that the torque is maintained at a constant level 
irrespective of the operating head or discharge of 
the pump, it becomes possible to operate the 
45 pump with the capacity of the driving machine 
utilized to the full. That is, such a favorable pump 
operation can be realized by giving the speed 
governor a rotational speed signal that gives a 
constant torque in corresponding relation to the 
50 operating head or capacity of the pump. 

According to the known affinity laws for turbo 
pumps, with the same liquid to be pumped, the 
following relationship holds between the pump ca- 
pacity, pump head, torque and shaft power on the 
55 one hand and the rotational speed on the other: 

Q7Q = NVN, H'/H = T7T = (N7N) 2 LpVLp = (N7N)- 
3 (1) ' 
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where Q and Q' are capacities at rotational 
speeds N and N\ respectively; H and H' are pump 
heads at N and N\ respectively; T and V are 
torques at N and N\ respectively; and Lp and Lp* 
are shaft powers at N and N\ respectively. 

A group of relationship curves can be drawn 
with regard to rotational speeds below and above 
the rated point according to the equation (1) on the 
basis of known relationship curves of the pump 
head and shaft power relative to the capacity at the 
rated speed. It is possible to obtain a rotational 
speed on the group of curves that satisfies the 
rated point and yet satisfies the relationship to any 
pump head or torque or shaft power at capacities 
below and above the rated point. The operation 
control system of the present invention is realized 
by setting in the function generator stated in ap- 
pended Claim 3 a relationship between the operat- 
ing head and the rotational speed which gives the 
above-described characteristics in corresponding 
relation to the operating head. 

Figs. 2 and 3 respectively show the relation- 
ships between the pump head H and the capacity 
Q and between the power Lp and the capacity Q. 
The dotted lines H (N const.), Lp (N const.) show 
the relationships in the conventional operation in 
which the rotational speed is maintained at a con- 
stant value. The solid lines H (T const.), Lp (T 
const.) show the relationships in the first embodi- 
ment of the present invention, in which the rota- 
tional speed of the driving machine is varied with 
the torque maintained at a constant value. That is, 
the rotational speed is reduced in a small dis- 
charge region below the rated capacity (100%), 
where the shaft power increases, whereas in a 
discharge region above the rated capacity, the ro- 
tational speed is increased because the shaft pow- 
er decreases in this region, thus maintaining the 
torque at the value of the rated point over the 
entire range. 

In a case where the torque is maintained at a 
constant value, since the rotational speed N is 
proportional to the shaft power Lp, the relationship 
of the rotational speed N to the capacity Q, which 
is given by the operating head, is such as that 
shown by the curve N-Q in Fig. 4. That is, when an 
operating head of the pump is determined, a rota- 
tional speed N that gives a constant torque is 
uniquely determined. 

The operating head of a drainage pump or 
other similar pump is given as the sum H of the 
difference between the internal and external liquid 
levels, that is, the actual head Ha, and the loss R of 
head in the piping in front of and behind the pump. 
As is generally known, the piping loss R varies in 
proportion to the square of the capacity Q. There- 
fore, it can be expressed as a system head curve 



R shown in Fig. 4 based on the value at the rated 
capacity. By subtracting the piping loss R at each 
capacity Q from the pump head curve H, the 
relationship between the actual head Ha and the 

5 capacity Q can be obtained as the Ha-Q curve, 
which is shown by the dot-dash line in Fig. 4. 

Accordingly, the relationship between the ac- 
tual pump head Ha, which can be readily measured 
with a liquid level gauge in general, and the rota- 

10 tional speed N that gives a constant torque is 
expressed by the curve shown in Fig. 5, which is 
obtained from the curves shown in Fig. 4. 

A rotational speed that gives a constant torque, 
which is determined from the readily measurable 

75 actual head through the use of the relationship 
shown in Fig. 5, is set in the function generator 5, 
and the set value of the rotational speed and the 
detected value from the rotational speed detector 7 
are input to the comparator amplifier 6, where 

20 deviation of the detected value from the set value 
is obtained. Then, a speed increasing or reducing 
signal corresponding to the deviation is given to 
the speed governor 4, thereby enabling the pump 
to be operated with a constant torque irrespective 

25 of change in the operating head of the pump. It is 
also possible to operate the pump with a desired 
torque by changing the setting of a function of the 
relation between the actual head and the rotational 
speed. 

30 With the above-described operation control, in 

which the torque is maintained at a constant value, 
the high specific speed pump 1 can be favorably 
operated as follows: In a discharge region above 
the rated capacity, the rotational speed N rises, 

35 and the capacity Q increases to a considerable 
extent. In a small discharge region, on the other 
hand, the rotational speed N decreases, so that it is 
possible to avoid overloading of the driving ma- 
chine 3. In addition, the pump operation can be 

40 started or stopped with the discharge valve fully 
closed. Thus, it is possible to avoid a rapid change 
in the capacity at the time of starting or stopping 
the pump operation. 

High specific speed pumps are generally em- 

45 ployed as drainage pumps or other similar pumps 
which are used for a relatively low operating head. 
In these pumps, the operating head varies to a 
considerable extent according to the difference be- 
tween the internal and external liquid levels. Ac- 

50 cording to the present invention, since the slope of 
the pump head (H-Q) curve becomes flat, the ca- 
pacity increases when the pump head is low, that 
is, when the internal liquid level is high, thereby 
enabling the time required for drainage to be short- 

55 ened. In Fig. 2, the dot-dash line R A shows a 
system head curve when the pump head is at the 
rated value, and R B a system head curve when the 
pump head is low. That is, the operating point B in 
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the case of a pump operated at the constant speed 
shifts to the point C. Thus, it is possible to realize a 
marked increase in the drainage capacity. 

However, there is a problem that as the actual 
head Ha decreases, the rotational speed N be- 
comes excessively high. In order to avoid an ex- 
cessive capacity when the pump head is low, or to 
protect the prime mover against the maximum rat- 
ed output, an upper limit is provided for the set 
value of rotational speed, thereby making it possi- 
ble to avoid a trouble in operation. For this pur- 
pose, a rotational speed upper limit setting device 
8 is inserted in the feedback loop to limit the 
rotational speed of the driving machine 3 and the 
pump 1 within a predetermined value. 

Figs. 6 and 7 respectively show the relation- 
ships between the pump efficiency e P and the 
capacity Q and between the required NPSH (Net 
Positive Suction Head) and the capacity Q with the 
value at the rated point being defined as 100% In 
the case of this embodiment, shown by the solid 
line, the roundness of the pump efficiency curve is 
prominent in comparison to the pump efficiency 
curve m the case of the constant-speed operation 
which is shown by the dotted line. Particularly' 
there is a marked improvement in the efficiency eJ 
when the capacity Q is large. In other words an 
energy-saving operation is realized. The value of 
the required NPSH of a high specific speed pump 
increases below and above the rated capacity In 
flie case of this embodiment, however, the capacity 
U that gives the minimum value of NPSH shifts 
together with the rotational speed N. Therefore the 
rate at which the required NPSH increases at 
capacit.es below and above the rated value is rela- 
tively low; this is advantageous from the viewpoint 
of installing or operating the pump. 

Fig. 8 shows another embodiment of the pump 
operation control system according to the present 
invention, in which the rotational speed is varied 
with the torque maintained at a constant level The 
basic arrangement of this embodiment is the same 
as that shown in Fig. 1. Constituent elements of the 
arrangement shown in Fig. 8 which have the same 
functions as those in the first embodiment are 
denoted by the same reference numerals, and de- 
scription thereof is omitted. A torque detector 9 
detects the torque output from the rotating shaft of 
the driving machine 3. The detected torque is 
compared in a comparator amplifier 14 with a 
torque set in a torque setting device 13. When the 
detected torque is different from the set value the 
speed governor 4 varies the fuel feed rate accord- 
ing to the deviation of the detected torque from the 
set value, thereby changing the speed of rotation 
and thus effecting control so that the torque 
reaches a preset constant value. In this embodi- 
ment also, the rotational speed of the pump is 



controlled so that the torque is maintained at a 
constant level. Therefore, the operation and ad- 
vantageous effects of the control system are the 
same as those in the above-described embodi- 
5 ment. 

In the foregoing embodiments, an internal com- 
bustion engine, a gas turbine, or a steam turbine is 
employed as the driving machine 3. However it is 
also possible to employ an electric motor as the 
io driving machine 3, as a matter of course. In such a 
case, the rotational speed of the pump can be 
controlled so that the torque is maintained at a 
constant level by driving an induction motor by the 
use of a rotational speed controller, e.g a fre- 
is quency-voltage converter (static invertor), in place 
of the speed governor 4. 

Figs. 9 to 12 show a second embodiment of 
the present invention. 

Fig. 9 illustrates the basic arrangement of a 
*> second embodiment of the operation control sys- 
tem according to the present invention in which the 
invention is applied to a turbo type low specilic 
speed pump. The pump 11 is a low specific speed 
centrifugal pump that is used for a relatively high 
25 pump head. The pump 11 is driven by a driving 
machine 12, e.g., an electric motor, a steam tur- 
bine, etc. The driving machine 12 has a rotational 
speed controller 14 for controlling the speed of 
rotation thereof. The operating head of the pump 
so 1 1 is detected by an arithmetic unit 22 that obtains 
a pressure difference through a pressure detector 

20 on the discharge side and a pressure detector 

21 on the suction side. A function generator 15 is 
an arithmetic device for outputting a rotational 

35 speed n which gives a constant torque in cor- 
responding relation to the operating head H of the 
pump 11. A rotational speed detector 17 is a de- 
vice for detecting the speed of rotation of the 
dr,v,ng machine 1 2 and for outputting it in the form 
40 of an electrical signal. In a case where the driving 
machine 12 is an induction motor and the rotational 
speed controller 14 is a static invertor, an output 
frequency detector may be used in place of the 
rotational speed detector 17. A comparator am- 
45 pliher 16 makes a comparison between the rota- 
tional speed signal which is output from the rota- 
tional speed detector 17 and the rotational speed 
signal corresponding to the operating head which 
is output from the function generator 15, and out- 
50 puts deviation of the former rotational speed signal 
from the latter rotational speed signal to the rota- 
tional speed controller 14. The rotational speed 
controller 14 varies the rotational speed of the 
dr,v,ng machine 12 according to the deviation, 
55 thereby enabling the pump 11 to be operated with 
a constant torque irrespective of change in the 
operating head. 
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The action and effect of the operation control 
effected in this embodiment to maintain the torque 
at a constant value will be explained below. In a 
case where the driving machine 12 is an induction 
motor, if a static invertor or the like in which the 
ratio of frequency to voltage is constant is em- 
ployed as the rotational speed controller 14, the 
generated torque corresponding to the motor cur- 
rent value is constant, as is generally known. In 
general, the rated output of an electric motor is 
regulated by the value of temperature rise caused 
by the motor current. Accordingly, by maintaining 
the torque of the pump at a value corresponding to 
the rated current value of the motor, it is possible 
to realize an operation in which the capacity of the 
electric motor can be exhibited to the full irrespec- 
tive of change in the operating head or capacity of 
the pump. In addition, since the electric motor 
displays the maximum efficiency in the region of 
the rated current value, it is possible to perform a 
highly efficient operation at all times. 

Fig. 10 shows the relationship between the 
pump head H and the capacity Q. Fig. 1 1 shows 
the relationship between the capacity Q and the 
shaft power Lp. The dotted lines show the relation- 
ships in the case of the conventional operation in 
which the rotational speed is maintained at a con- 
stant value. The solid lines A show the relation- 
ships in the second embodiment of the present 
invention in which the rotational speed is varied 
with the torque of the driving machine maintained 
at a constant value. That is, in a low capacity 
region below the rated capacity (100%), in which 
the shaft power decreases, the rotational speed is 
increased, whereas in a high capacity region above 
the rated capacity, the rotational speed is reduced 
because the shaft power increases in this region, 
thereby maintaining the torque at the value of the 
rated point over the entire range. In a case where 
the torque is maintained at a constant level, since 
the rotational speed N is proportional to the shaft 
power Lp, the relationship between the operating 
head H and the required rotational speed N can be 
expressed by the curve a in Fig. 12. By using this 
relationship, a rotational speed corresponding to 
the operating head is output from the function 
generator 15. 

According to the present invention, since the 
torque is maintained at a constant value, the capac- 
ity of the driving machine can be effectively uti- 
lized. Moreover, since the angle of inclination of the 
H-Q curve of the pump with respect to the axis Q 
is large, the change in the capacity Q is remark- 
ably small even when the operating head H shifts 
up or down from the rated value. Thus, it is possi- 
ble to realize characteristics favorable for actual 
use. 
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In order to protect the driving machine 12 and 
the pump 1 1 from an excessive rise in the rota- 
tional speed when the operating head is high, a 
rotational speed upper limit setting device 18 is 

5 provided for the rotational speed controller 14 to 
limit the rotational speed to a predetermined value. 

The rotational speed controller 1 4 can be feed- 
back-controlled by setting in the function generator 
15 the rotational speed corresponding to the op- 

w erating head on the basis of the characteristics of 
the pump used so that an H-Q curve with a desired 
slope is realized by using a similar device to the 
above, and comparing the detected value of rota- 
tional speed with the set value. As one example of 

75 this control, the function of the relation between the 
operating head and the rotational speed is shown 
by the curve 0 in Fig. 12 in correspondence to the 
H-Q curve shown by B in Fig. 10. 

It is also possible to effect control such that the 

20 capacity is maintained at a constant value relative 
to the operating head. In this case, the H-Q curve 
of the pump is a straight line C that is at right 
angles to the axis Q, and the relationship between 
the operating head and the rotational speed is 

25 shown by the curve y in Fig. 12. In a case where 
an H-Q curve which is steeper than the H-Q curve 
denoted by A in Fig. 10 (i.e., the H-Q curve B or C 
in Fig. 10) is set, it is possible to perform an 
operation that realizes the H-Q curve set in an 

30 expected operating head variable range by pre- 
viously selecting a rated output of the driving ma- 
chine used on the basis of the shaft power required 
when the operating head reaches a maximum. 

Figs. 13 to 16 show a third embodiment of the 

35 present invention. 

Fig. 13 illustrates the basic arrangement of a 
third embodiment of the operation control system 
according to the present invention in which the 
invention is applied to a turbo blower. The blower 

40 31 is a turbo blower or fan with radial vanes, which 
is driven by an induction motor 32. The speed of 
rotation of the induction motor 32 is controlled by a 
static invertor 34. The operating pressure of the 
blower 31 is input as an electric signal to a function 

45 generator 35 by a pressure detecting converter 40 
on the discharge side of the blower 31. The func- 
tion generator 35 is an arithmetic device for output- 
ting a rotational speed n which gives a constant 
torque in corresponding relation to the operating 

50 pressure of the blower 31. A frequency detector 37 
on the secondary side of the static invertor 34 
inputs a signal indicative of the rotational speed of 
the induction motor 32 to a comparator amplifier 
36. The comparator amplifier 36 makes a compari- 

55 son between the rotational speed n given by the 
function generator 35 and the actual rotational 
speed detected by the frequency detector 37 and 
inputs deviation obtained by the comparison to the 
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frequency varying part of the static invertor 34 
thereby controlling the rotational speed of the in- 
duction motor 32 so that a constant torque is given 
irrespective of change in the operating pressure 

In this case, the action and effect of the opera- 5 
tion control effected on the motor side are the 
same as .n the case of the second embodiment. 

Figs. 14 and 15 respectively show the relation- 
ships between the operating pressure P and the 
capacity Q and between the torque T and the 10 
capacity Q with the rated point being defined as 
lOO/o. The dotted lines show the relationships in 
the case of an operation performed with the rota- 
tional speed maintained at a constant value The 
solid l.nes show the relationships in the third em- ,5 
bod.ment of the present invention in which the 
rotat.onal speed is controlled with the torque main- 
tained at a constant value. Fig. 15 also shows the 
rotational speed N which gives a constant torque in 
corresponding relation to the capacity Q. The curve 20 

m R 9- 15 shows the rate of change in the motor 
output with respect to the capacity Q because the 
shaft power is expressed by the product of the 
torque T and the rotational speed N. Since the 
motor current is held constant when the torque is 25 
maintained at a constant value, the motor capacity 
can be utilized to the full at all times irrespective of 
variation in the operating pressure. 

In the case of turbo blowers, the characteristic 
curve of the operating pressure P relative to the 30 
capacity Q often assumes a convex shape with a 
maximum value around 50% of the rated capacity 
in a capacity region below the capacity value at 
which the pressure P reaches a maximum, surging 
occurs, making it impossible to perform a stable 35 
operation. By carrying out an operation in which 
the torque is maintained at a constant value with 
the motor capacity utilized to the full, the char- 
acteristic curve of the pressure P relative to the 
capacity Q becomes a downward sloped curve 40 
wh,ch is stable over a wide range of operating 
pressure variations, as shown in Fig. 14 Thus the 
surging limit can be excluded from the entire ca- 
pacity range. In addition, it is possible to suppress 
markedly the variation in the capacity caused by 45 
change of the operating pressure. Thus, character- 
istics favorable for actual use can be realized. 

Fig. 16 shows the relationship between the 
operating pressure, which is obtained by using the 
relationship between the torque and the rotational 50 
speed obtained from the equation (1), and the 
rotational speed that gives a constant torque The 
relationship shown in the figure is set in the func- 
tion generator 35. An excessive rise in the rota- 
t.onal speed caused by the rise in the operating S6 
pressure is avoided by a rotational speed upper 
limit setting device 38. It is also possible to set the 
relat.onship between the operating pressure and 



the rotational speed in the function generator 35 so 
that a desired slope is given to the characteristic 
curve of the discharge pressure P relative to the 
capacty Q on the basis of the characteristics of the 
blower 31 . 

As has been described above, the present in- 
vention provides the following advantageous ef- 
fects: In a turbo type fluid machine that is driven 
by a prime mover provided with a speed governor 
or a rotational speed controller, it is possible to 
realize performance characteristics favorable for 
actual use by detecting only the operating head or 
the operating pressure, which is readily measur- 
able. In other words, it becomes possible to op- 
erate the turbo fluid type machine with the output 
of the prime mover utilized to the full while main- 
taining the efficiency of the prime mover in the 
v.c.n.ty of the maximum value at all times by main- 
taining the torque at a constant value irrespective 
of vanabon in the operating head or pressure In 
addition, it is possible to improve markedly the 
performance characteristics of the fluid machine 
e.g., the relationship between the operating head or 
pressure and the capacity. Thus, the present inven- 
tion is widely applicable to turbo type pumps, blow- 
ers, etc. which are driven by various variable speed 
prime movers. 

Although the present invention has been de- 
scribed through specific terms, it should be noted 
here that the described embodiments are not nec- 
essarily exclusive and that various changes and 
mod.ficat.ons may be imparted thereto without de- 
parting from the scope of the invention which is 
limited solely by the appended claims. 

Claims 

1. A turbo type fluid machine operation control 
system comprising: 

a turbo type fluid machine driven by a 
driving machine; 

means for detecting an operating head or 
operating pressure of said fluid machine; 

means for arithmetically outputting a rota- 
tional speed which gives a preset characteristic 
of said fluid machine in corresponding relation 
to sa.d operating head or operating pressure- 
and 

means for changing a rotational speed of 
said driving machine in response to said out- 
put rotational speed, so that even when the 
operating head or operating pressure of said 
fluid machine changes, a rotational speed of 
said fluid machine is controlled so as to main- 
tain the preset characteristic of said fluid ma- 
chine. 
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2. A turbo type fluid machine operation control 
system according to Claim 1, wherein said 
preset characteristic of said fluid machine is a 
characteristic in which a torque of said fluid 
machine is maintained at a constant value at 5 
an operating head or pressure or capacity of 
said fluid machine other than a rated value 
therefor. 

3. A turbo fluid machine operation control system 10 
according to Claim 1, wherein said means for 
giving a preset characteristic of said fluid ma- 
chine in corresponding relation to said operat- 
ing head or operating pressure includes a de- 
tector for detecting said operating head or op- is 
erating pressure, a function generator, a detec- 
tor for detecting a rotational speed of said fluid 
machine, a comparator amplifier, and a speed 
governor or rotational speed controller for said 
driving machine. 20 

4. A turbo type fluid machine operation control 
system according to Claim 3, further compris- 
ing means for providing an upper limit for a set 
rotational speed value given to said speed 25 
governor for said driving machine to limit the 
rotational speed of said driving machine and 
fluid machine within a predetermined value. 

5. A turbo type fluid machine operation control 30 
system comprising: 

a turbo type fluid machine driven by a 
driving machine; 

means for detecting a torque of the driving 
machine for said fluid machine; and 35 

means for changing a rotational speed of 
said driving machine in response to said de- 
tected torque, so that even when an operating 
head of said fluid machine changes, a rota- 
tional speed of said fluid machine is controlled 40 
so as to maintain a constant torque. 



said driving machine in response to said out- 
put rotational speed. 

8. A fluid machine operation control system com- 
prising: 

a fluid machine driven by a driving ma- 
chine; 

means for detecting a torque of the driving 
machine; 
and 

means for changing a rotational speed of 
said driving machine. 



6. A turbo fluid machine operation control system 
according to any of Claims 1 to 5, wherein said 
driving machine is an internal combustion en- 
gine, a gas turbine, a steam turbine, or an 
electric motor. 



45 



7. A fluid machine operation control system com- 
prising: 50 

a fluid machine driven by a driving ma- 
chine; 

means for detecting an operating pressure 
of said fluid machine; 

means for outputting a rotational speed 55 
which gives a preset characeristic of said fluid 
machine; and 

means for changing a rotational speed of 
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Fig. 2 
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Fig. 3 
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Fig. 4 
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Fig. 5 
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Fig. 6 



100 



50 - 



e P : PUMP EFFICIENCY 
Q : CAPACITY 



V 



,6 



NPSH 



200 - 



100 



50 



100 



150 



NPSH ; 
Q : 



NET POSITIVE SUCTION HEAD 



CAPACITY 




BNSDOCID: <EP _0652374A1_I_> 



15 



EP 0 652 374 A1 
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Fig. 1 1 
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Fig. 14 
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Fig. 15 
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